
RESEARCH MEMORANDUM 

SURFACE-PRESSURE DISTFUBUTIONS ON A SYSTEMATIC GROUP OF 

NACA 1-SERJES COWLINGS WITH AND WITHOUT SPINNERS 

Robert W. Boswinkle, Jr., and Amid L. Keith, Jr. 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUTICS 

WASHINGTON 
November 30,1948 



By Robert W. Boawinlrle, Jr., and Amid L. Keith, Jr. 

A method fm calculating  the flow field8 of azlally symmetric bodies 
from their  pressuPe distributione is reported in NACA RM No. ~8n.7.  In 
order t o  faci l i ta te   appl icat ion of this method to t he  important  case of 
the cowling-epinner cambination, f a r  w e  in the design of propellera,  the 
present paper preserrba s t a t i w e s s u r e   d i s t r i b u b i o m  an the tops of 79 hi@- 
cr i t ica l - sped  mACA l-eeries q o w l w p i l m e r  cambinations  over wide rangee 
of inlet-velocity  ratio at angles of attack of Oo, 2O, 4O, and 6 O ,  static- 
pressure distributions around the nose sections of several cowlings are 
given in  greater detail t o  aid fn estimating the pressures near the stag- 

4 
nation points and t o  ahow the  effect  of changes i n  the internal l i p  ape. 
The effects of the operation of a typical propeller OIL the surface pres- 
awes on the cowling are shown for  one configuration. The pressure 
distributions over the nine mAcA l - ~ l e r i e s  no86 inlet8 wed as the baeic 
components  of these conibinationa are a l e 0  presented to eupplement the 
extsting open-nose+mwLhg data of NACA AGR No. L5F30a wNch axe ami- 
cable t o  the case of the rotating cowling. 

a 

A detailed -ledge- of the flow field of the m e -  or nacelle is 
required fn the  process of propeller.deefgn fn order t o  realize maxbmm 
propeller efficiency and, in the  case of the c o w w p i n n e r  c d l n a t i o n ,  
t o  obtain a high gresaure recovery in the cowling met. A method f o r  
calculating such a flaw f f e ld  from the BUTface pressures on the body is 
described in reference 1. Systematic preBme4is t r ibu t ion  data fo r  high- 

rotating cowHnga wherein $he forward portions rotate with the propellers) 
are available in reference 2. The purpose of the  present p,wr is t o  

NACA l - s e r i e s   c a r l w p f n n e r  combinations im-estigated in reference 3. 
Pressure distributions over the nine W A  l-eeries nose inlets used as the 

# cr1tical"epeed I3ACA l-eeries nose inlets (which mag be used directly &B 

-u present similar pressure-distribution data fo r  the 79 high-critical-speed 
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basic components of these combinations a r e  fncluded t o  flupplement the 
data of reference 2. 

SYMBOIS AmD NOp4ENCLCITURE 

d cowling inlet diameter (See table Is 

D maximum- carling d i m t e r  

DP propeller diamter 

DS maximum spinner diamster ( l a x t e d  at oovlrzlg inlet)  

M Mach nuniber In undisturbed ~tream 

P local s t a t i c  preeaure 

PO s t a t i c  pressure in  undisturbed stream 

X ditJtance f i a m  inlet pa;rallel t o  cowling aJds 

X8 distance From nose of spinner parallel to cowling axis 

x carling length, measured from inlet to mBximum diameter station 

=El spinner length msasured from spinnsr nose t o  maximum diameter station 
of spinner (which is  located a t  the inlet) 

. 
J 

t 

v,/V0 iriLet-velocity ra.t io; ratio of average axial velocity of air in 
Inlet t o  velocity i n  undisturbed stream 

a angle of attack of model, degrees 
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The mACA l-series nose--inlet ordinates and the method  of their ami.- 
cation t o  the design of the cowlfnga and spfnnsrs uaed in the investigation 
m e  given in table I, An W A  l-eeries coxling-splnner cabinat ion h~ving 

d = 0.70, 5 = 1.00, @ = 0.40; and = 0.80 is iderrtlfied as the 
D D 
mACA l-7O-lOO cawling with the W A  1- splnnsr. Thus, in each 
designation the firat term  indicates that the IUCA 1-eries ordinates are 
used; the second term  &.ea the cowling-Met diameter or the m x h m m  

. spinner diameter ~ h s  a percentage of the maxhmn covling  diameter; and the 
third term gives the carling or  spinner length as a percentage of the 
maximum cowling diasleter. 

X 

MODEL AND TlBTS 

The model and fnetruznentation used in  the t es ts  are described in 
reference 3. The t ea t s  were made in the kn@ey WoBlleMesearch 
tunnel. The nine NACA l+eries cowlings asd ILL lIllLcA l-serfes spinners 
Swestigated are aham In table II. Pressure surreys of each configu- 
ration were made with the propeller removed for f r a m  ll t o  18 values of 
inlet"ve1ocity  ratio at angles of attack of O", 2O, kO, Etnd 6'. With 

erence 3) installed, pressure surveys of ons configuration were conducted 
at angles of attack of 0' and 6" at propeller ~ ~ t - d i s k - l o a d f n g  coeffi- 

which corresponds t o  a Mach number of 0.13 and a Reynolds number of 
about 2 X 10 baaed on the nmdmm cowling diameter (27.25 in.), was 
used for the majority of the tests.  For the cmfigva9tiom having very 
M g e  - M e t  areas and fo r  a l l  configurations at inlet+velmity  ratios 
above 1.3, the tunnel sped was reduced t o  70 miles per hour t o  obtain 
the required inlet+elocfty ratios with the limited capacity of the 
internal fan. 

- . a 5.7-footillameter threeqlade  propeller of c o w e n t i o d  design  (ref- 

i cients of 0.02, 0.06, and 0.12. A tunnel speed of lo0 miles per hour, 

6 

9 

DATA 

The static--presaure distributions on the tops of the cowling confie  
urations are presented tu figures 1 t o  88; an index of these figures is 
given in table III. A t  zero angle of attack these lneasured static-peasure 
distributions are directly  applicable  to any plane through the &s of 
symmstry.  Check tests ehowed that these pressure dirrt;ributfons also axe 
almost ident ical   to  the pressure dfstributions m the sides of the 
cowlings at angles of attack up t o  about loo. Further, it may be shown 
from the experSlnerrtal k t a  of reference 4 that the pressure distributions 
on the bottoms of the cowlings at a positive angle af attack may be 
estima;ted by extragolating the pressure-distributian data f o r  the  tops 
at positive angles of attack. Thue, the pressure didxibut ion  for  the 
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entire  surface of arny NACA l-aeries cowliwpimmr combination  within  the 
range of proportions  fnvestigated may be obtainsd  at angles of attack 2 
from 0' to 6 O  wlth  acceptable  accuracy frm the figures of the  present 
report. 

Static--pressure  dletributions around the nose sections of repesen- 
tative NACA l+eries  cowling6 a,re given in greater detail in figure 89 to 
aid in eatimatfng  the  static pressures near the stagnation  point. The 
effect of a modification to the  inner lip shape on the static--pressure 
distribution mound the  cowling nose is shown in figure 90. For the 
purposes of refereme 1, it has been found satisfactory to eetimate  the 
pressure distributions on the w a l l s  of the interior ducting frcm one- 
dimeneional-a;rea  considerations. 

The effect of propeller  operation on the static- Etnd total-pesaure 
distributions on the  top of a typical  cowling is shown in figures 91 
and 92. 
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Ffgure 1.- Concluded. 
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Figure 2 Static- ressure di tributions on top of NACA 1-95-050 
ColpiLg with &A xa"d spinner. 
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Figure 2.- Concluded. 
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Figure 3.- Static-pressure distributions on top of SACA 1-5- 
conling with NACA L m W  spinner. 
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Figure 3.- Conclud&. 
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Figure 5.- Concluded. 
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Figure 6.- Concluded. 
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Figure 7.- Concluded. 
. .  
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Figure a Static- distributions on top of NACA 1-55-050 coaiTng with  sf%^ spinner. 
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Figure 8.- Cornluded. 
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Figure 9.- Comluded. 
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Bigure 10 - Static- ressure distributions on top of MACA 1-5100 
cowling with NAEA 1 - m  spinner. 
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Figure .lo.- Concluded. 
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Figure 11,- Concluded. 
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Figure 12- Static- reaswe distributions on top of rwjA 1 - ~ 1 0 0  
cowling with wl&. 1-40-040 spinner. 



Figure 12.- Concluded. 
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Figure 13.- Concluded. 
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Figure 16.- Concluded. 
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Figure 17. - 
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Figure 18 - Static- ceasure distributions on top of M A  1 - 5 1 3  
Cowling With d A  1-a3-040 spinner. 
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Figure 18.- Concluded. 
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Figure a3 - Static- re sure distributione on top of NACA 1-55-19 
cowling w i t h  N&A f-40-040 0piMm. 
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Figure 22.- C o n c l u d e d .  
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Figure 23.: Concluded. 
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Figwe a.- Static- resaure distributions on top of W A  1-69-075 
open-nose cowl&. 
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Figure 27.- Concluded. 



62 NACA RM No. L8I24 

. 

Figure - . Sttatig&esgure distributions on top of NACA 1-75 co3;ng with 1-40-040 apinner. 
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Figure 29.- ' Concluded. 
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Figure 3.- Concluded. 
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Fm&2?i, with NA8A 1-!Y-O& spinner. 
static- ressure istributions on top of M A  1-73 
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Figure 33.- ConcludeU. 
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Figw-r 5.- Stat€cTDressuy distributions on top o f . W A  1-60-1W 
opn-nose coal~bg. 
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Figure 
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Elgum - Static- reesUre distributions on t a p  of MACA l&-lW 
conling with d A  1-p-wO spinner.. 
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Figure 35.- Comluded. 
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Figure 3 - static- re e dis tr ih t ions  on top of W h  L60-100 
cowling with N&A Y W W  spinner. 
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Figure 35.- Concluded. 
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w i t h  NAEA ~t;-040 spinner. Stetic- re e distributions on top of NAGA ldo-lo0 
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Figure 3.- Concluded. 
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Figure 40.- Concluded. 
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Figure 41.- Concluded. 
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m e  43.- Concluded. .. 
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Figure W.- Concludpd. 



Figure Q-5 - Gtatic- remum distributiong on tog of NACA 1-70-05l 
opeGmse cowl&. 
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Figure 46 - Static- ressure diatritutions on top of NACA 1-p-cvP 
cowling with NAEA l-x)-oW spinner. 
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Figure 6.- Concluded. 
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Figure 48.- Concluded. 
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Figure, U9.- Concluded. 
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Figure 9.- Cornluded. 
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Figure 51. Stetic- re m e  istributions on top of NkCb 1-7oo5O 
cowling with N&A I-& spinner. 
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Figure 51.- Concluded. 
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Figure 52.- Concluded. 
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Figure 57.- StpiQiema stributiona on top of NACA 1 - m  cow ing wi h spinner. 







. 

. 

c 

.. 

Figure 54.- Concluded. 



RAGA RM No. BI24 

. 



NACA 

t 

Figure 55.- Concluded. 
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Figure's Static- re d stributions on top of NACA 1-70-050 
corli& with &A spinner. 
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Firmre 56.- Concluded. ' " - 



120 NACA RM No. L8I2k 

Figure 9.- Static- ressure distributiona on top of NACA 1-70-075 
open-nose coaliBg. 



NACA RM No. L8I24 

Figure 9.- Concluded. 
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Figure Static- res6 e d stributions on t o p  o f  NACA 1-7D-075 c a i &  with NA8A 1-a-d spinner. 
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Figure 58.- Concluded. 
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Figure 5ilr- Fatic- re sure distributions on top of M C A  1-70-075 
cow ng Ri th  NA8A f - p W O  spinner. 
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Figure 63 - Static- ressure distributions or1 top of NACA 1-7u-075 
co~ling with &A I-UO-040 spinner. 
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Figure 61 - St tic resure  distributions on top of NhCA 1-70-075 
cowling with Ni8A 1-5o-CW spinner. 
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Figure 61.- Concluded. 
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Figure 62.- Concluded. 
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Figure 64.- Concluded. 
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Figure 65.- Concluded., 
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"'"':o%i& K i t h  NA8A I-& spinner. 
Static- ~ e s s u r e  istrimtiom on top of NACA 1-70-075 
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Figure 66.- Concluded. 
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Figure 67.- Concluded. 
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Figure 69.- Staticypressure  distributions on to? of NACA 1-70-100 
open-nose cowllng. 
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Figure 70 - Static- ressure distributions on top of SAGA 1-+laO 
cowling with U ~ A  l-a3dw) spinner. 
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FFgure 70.- Concluded. 
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F i g r e  71.- Static refsure distributions on top of IiACA 1-70-100 
cowling w i t h  € d A  l - p O W  sptnrier. 



Figure 71.- Concluded. 
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Figure 72.- Concluded. 
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Figure 7T.- Static- r e  sure d a'tributions on top of NACA 1 - ~ 1 W  
cow i n g  with d A  8-5Q-d spinner. 
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Figure 74.- Concluded. 
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Rgure 75.- Concluded. 
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Figure 78.- Concluded. 
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Figure 81.- Concluded. 
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Figdre €2 - Static- pB88uTe distributions on top of NACA 1-85453 
cowling Rith N d A  l " 0 4 0  spinner. 
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Figure 82.- Co’ncluded. 
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Figure &.-: Static reseure etributions on top Of NACA 1-Sg-ogo 
cowling w i t h  I d  spinner. 
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Figure 85.- Concluded. 
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Figre & Static re istributions on top of NACA 1- 
conling aitQ a h  f%%&l 8pinner. 
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Figure &.- Concludeb. 
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Figur&%& nith NAEA 1-W-OEO spim. 
Static- ressur8 distributions on top of NACA 1 - m  
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Figure.87.- Concluded. 
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1- 70 - 100 Co w/hg 

(a) No spinner. 

(Figure taken from reference 3.) 
Figure a.- Statlcpreseure dietribltions arounl. mse sections of representative NPCA l-series Cmlings. 0' - 0'. 
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